Background: Tuberculous pleurisy and malignancy are two of the most common causes of pleural effusion. IL-33 is expressed in the epithelial lining and endothelial cells and is released after cell damage; it is proposed to have an essential role in sensing damage in various infectious and inflammatory diseases. This work aimed to determine the diagnostic role of IL-33 in pleural effusions. Methods: One hundred seventeen patients with pleural effusions of different etiologies had a quantitative measurement of IL-33 in their pleural effusion and serum samples by ELISA technique. Results: The concentrations of IL-33 (mean ± SD) in tuberculous pleural effusion (TPE) group (22.5 ± 0.90 ng/l) were significantly higher than that of malignant pleural effusion (MPE) group (14.6 ± 2.35 ng/l; P < 0.001). There is no significant difference between the serum levels of IL-33 in (TPE) group and (MPE) group (P > 0.05). The concentrations of IL-33 in the pleural effusions were significantly correlated to that of the serum concentrations in each group (TPE: r = 0.848, P = < 0.001; MPE: r = 0.881, < 0.001) and pleural ADA in patients with tuberculous pleural effusions, (r = 0.38, P < 0.001). The cut-off value of pleural IL33 for (TPE) was 19.16 ng/l, with a sensitivity of 91.7%, a specificity of 96.4%. The cutoff point of a pleural/ serum IL-33 ratio for the diagnosis of TPE was > 1.4 with a sensitivity of 91.7% and specificity of 100% while for the determination of (MPE) was < 0.9 with a sensitivity of 83.3% and specificity of 96.4%. Conclusion: IL-33 level may serve as a novel biomarker to differentiate pleural effusions, especially tuberculous from malignant effusions.
One hundred seventeen patients with pleural effusions of different etiologies had a quantitative measurement of IL-33 by ELISA technique in pleural effusion and serum samples of the patients. Pleural IL-33 is a novel biomarker for diagnosis and differentiation of different forms of pleural effusion especially tuberculous from malignant effusions.
Background
Differentiating pleural effusions especially tuberculous pleural effusion from malignant pleural effusion is still a clinical challenge since they have similar clinical or laboratory manifestations and sometimes lack of pathological or etiological evidence [1] . Given the difficulties in ascertaining the etiology of pleural effusions from the simple fluid analysis, the need to new biomarkers emerges [2] . Cytokines as Interferon (IFN)-γ and interleukin (IL)-1, − 6, − 16 and − 17 released from lymphocyte activation have proven to have differential and prognostic significance in tuberculous and malignant pleural effusions [3] . Interleukin 33 (IL-33) is a cytokine of the IL-1 superfamily; it previously named as the nuclear factor of high endothelial venules. It acts intracellularly as a nuclear factor and extracellularly as a cytokine. It induces helper T cells, mast cells, eosinophils, and basophils to produce type 2 (Th2) helper cell cytokines [4, 5] . However, IL-33 is also capable of modulating type 1 helper (Th1) cell cytokine responses through inducing potent CD8 positive T cell responses in response to replicating, prototypic RNA and DNA viruses in mice [6] Some investigations showed that IL-33 expression increased in the pleural space of patients with tuberculous pleural effusion which induced by IFN-γ and tumor necrosis factor (TNF) [7] . Tumor development results in down-regulation of IL-33 in epithelial cells but up-regulation of IL-33 in the tumor stroma and serum. IL-33 expression in tumor cells increases immunogenicity and promotes type 1 antitumor immune responses [8] .
Patients and methods
A prospective study carried on 117 patients with pleural effusions of different etiologies; 72 (61.5%) male and 45 females (38.5%) and their ages ranged from 19 to 79 years (mean; 51.9 ± 14.6), admitted at Chest Department, Benha University Hospital during the period from September 2016 till August 2017. Ethical research approval from the institutional ethical committee and informed written consent from patients obtained. Patients classified according to their final diagnosis into four groups: 
Inclusion criteria
Exudative pleural effusion was diagnosed first by using modified Light's criteria suggesting that pleural effusion is an exudate if effusion protein/serum protein ratio greater than 0.5 and or effusion lactate dehydrogenase (LDH)/serum LDH ratio greater than 0.6 [9] , Table 1 .
Group I (tuberculous pleural effusions): (I &II Plus any of IV or V)
I. Exudative pleural effusion identified. II. The pleural effusion had an adenosine deaminase (ADA) concentration > 40 U/l [10] III. Positive tuberculin skin test [11] . IV. Identification of acid-fast bacilli in the pleural effusion examination V. Thoracoscopic or Abram's needle pleural biopsy revealed caseating granuloma [12] .
Group II (malignant pleural effusion)
Symptomatic and rapidly accumulating pleural fluid (moderate to massive effusions occupying more than half of a hemithorax), and it had a chemical analysis proved to be exudative. Cytological examination revealed exfoliative malignant cells or confirmed by immunohistochemistry or histopathological examination of the biopsies obtained by different methods of biopsy [13] .
Group III (parapneumonic effusion)
Parapneumonic effusion is any pleural effusion secondary to pneumonia or lung abscess. The diagnosis considered when there was a clinical manifestation of pneumonia, radiological evidence of consolidation 
Group IV (transudative pleural effusion)
A-Patients with congestive heart failure (3 cases) diagnosed by the presence of the following evidence [15] . Exclusion criteria: [17] . Patients with any of the following criteria excluded from the present study:
i. Treatment with antituberculous therapy or anticancer therapy ii. The use of glucocorticoid and other antiinflammatory medication.
All patients subjected to the following: Blood samples (3 cc) taken from the patients. Allowed to clot for 30 min and centrifugation separated the sera at about 5000 rpm for 10 min, sera were collected in pyrogen-free tubes and stored at (− 80°C) until used for the assay. xi. IL-33 assay: Quantikine Human IL-33 Immunoassay is a 4.5-h solid phase ELISA (Quantikine® ELISA, R&D Systems China Co., Ltd) used to assay IL-33 in pleural and serum samples of our patients. It uses microplate pre-coated with a polyclonal antibody specific for human IL-33. Standards and patient samples were pipetted into the wells, so if any IL-33 present in the samples would be bounded to the particular polyclonal antibodies. The wells were washed to remove away any unbound substances. A substrate solution was then added to the wells to check color development in proportion to the amount of bounded IL-33, and then the intensity of the color is measured.
Statistical analysis
SPSS version 16 software (Spss Inc., Chicago, ILL Company) used to analyze the collected data, where the unequivocal data were given as number and percentages while quantitative data expressed as mean ± standard deviation, and range, using Shapiro-Wilks test for normality, assuming normality at P > 0.05, also paired "t" test, ANOVA and Person's correlation (r) as proved to be normally distributed. ROC curve was used to detect cut off values of IL-33 in the prediction of tuberculous pleural effusion. The level of significance in this work started below 0.05 (P < 0.05 was considered significant) [18] .
Results
The pleural fluid IL-33 in all the studied groups level (14.14 ± 6.491 ng/l) was significantly higher of that of the corresponding serum IL-33 levels (12.6 ± 5.29 ng/l; P < 0.01). The mean pleural IL-33 levels of tuberculous group (22.5 ± 0.9), parapneumonic group (7.33 ± 0.72 ng/l) and transudate group (7.53 ± 0.38 ng/l) were significantly higher than the corresponding serum levels (13.9 ± 0.85 ng/l; P < 0.001), (6.22 ± .76 ng/l; P < 0.001) and (6.10 ± .42 ng/l; P < 0.001), respectively. However, serum IL-33 levels in the malignant group (13.5 ± 1.98 ng/l) were higher than the corresponding pleural level (11.9 ± 2.35 ng/l; P < 0.01), Table 2 . The concentrations of IL-33 in the pleural effusion positively correlated with that of the corresponding serum samples in all patients of the study groups (r = 0.677, P < 0.001). The concentrations of pleural IL33 in tuberculous, malignant and parapneumonic pleural effusion groups were also positively correlated with their corresponding serum IL33 level (r = 0.848, P < 0.001; r = 0.881, P < 0.001; and r = 0.965, P < 0.001) respectively. Also, Pleural IL-33 positively correlates with pleural ADA in patients with tuberculous pleural effusions, (r = 0.38, P < 0.001), Table 3 .
The concentrations of IL-33 in the pleural effusion of the tuberculous group (22.5 ± 0.90 ng/l) were considerably more than that of the malignant group (14.6 ± 2.35 ng/l; P < 0.001) or that of parapneumonic group (7.33 ± 0.32 ng/l; P < 0.001) and transudative group (7.53 ± 0.38 ng/l; P < 0.001), Table 4 . The serum IL-33 level was statistically significantly higher in the tuberculous group (13.90 ± 0.85 ng/L) than that of parapneumonic (6.22 ± 0.72 ng/l; P < 0.001) group and transudative group (6.10 ± 0.42 ng/l; P < 0.001). However, there was no significant difference between serum IL-33 in tuberculous (13.90 ± 0.85 ng/L) and malignant (13.5 ± 1.98 ng/L; P > 0.05) groups, Table 5 .
A 19.16 ng/l was the cutoff point of pleural IL-33 level for the diagnosis of tuberculous pleural, with a sensitivity HS highly significant Shows that the pleural IL-33 level is significantly higher than the serum IL-33 level in all studied groups. Pleural IL-33 is significantly higher than the serum level in tuberculous, parapneumonic, and transudative groups; while serum IL-33 is significantly higher than the pleural level in the malignant group Table 6 , Fig. 1 . The cutoff point of the pleural/ serum IL-33 ratio for the diagnosis of tuberculous 'pleural effusion was > 1.4; with a sensitivity of 91.7% and specificity of 100%. The cutoff point of the pleural/serum IL-33 ratio for the diagnosis of malignant pleural effusion was < 0.9, with a sensitivity of 83.3% and specificity of 96.4%, Table 7 , Fig. 2 .
Discussion
IL-33 has been suggested to have a role in the pathogenesis of pleural inflammation and effusion [19] . IL-33 may serve as a novel biomarker to differentiate pleural effusions, especially tuberculous from malignant effusions. The pleural fluid IL-33 levels were significantly higher of the corresponding serum IL-33 levels in all our studied groups moreover, it was considerably higher in each subgroup, however, serum IL-33 levels in the malignant group were significantly higher than the corresponding pleural level and might be used to differentiate it from other causes of pleural effusions Table 2 . This significant serum-pleural IL-33 difference of the malignant group could be explained by that the tumor development results in down-regulation of IL-33 in epithelial cells but upregulation of IL-33 in the tumor stroma and serum [8] .
In this study, the positive correlations of pleural effusions IL-33 concentrations with the corresponding serum samples of all patients of the study groups (r = 0.677, P < 0.001); moreover, the positive correlation of subgroups; pleural IL33 in tuberculous, malignant and parapneumonic pleural effusion groups with their corresponding serum IL33 level (r = 0.848, P < 0.001; r = 0.881, P < 0.001; and r = 0.965, P < 0.001) respectively was in agreement with Xuan et al., Lee et al. and Li et al., who in their studies found that; the concentrations of IL-33 in the pleural effusions of tuberculous, malignant and parapneumonic groups positively correlated with that of the corresponding serum samples [17, 20, 21] . ,Also, pleural IL-33 was positively correlated with pleural ADA in patients with tuberculous pleural effusions, (r = 0.38, P < 0.001), [20] . This positive correlation makes the test more reliable in diagnosing tuberculous pleural effusion.
In this study, the significant higher pleural and serum IL-33 concentrations in tuberculous pleural effusion group more than other groups, Table 4 , and the nonsignificant difference found between serum IL-33 in tuberculous and malignant (P > 0.05) groups, Table 5 , strongly points to tuberculous etiology and could be used to differentiate it from malignant cause. Similarly, Xuan et al., Lee et al. and Li et al. demonstrated tuberculous pleural effusion IL-33 levels were significantly higher than malignant pleural effusion IL-33 levels [17, 20, 21] . Xuan et al. and Li et al. also found a nonsignificant difference between serum IL-33 in tuberculous and malignant groups [17, 21] . However, Lee et al., disagree these results and found that levels of serum IL-33 (26 pg/mL) significantly higher in patients with tuberculous Table 5 Comparison between serum IL-33 levels in each studied groups TPE Tuberculous pleural effusion, MPE malignant pleural effusion This table shows that serum IL-33 is significantly higher in tuberculous pleural effusion than of parapneumonic and transudative pleural effusion groups. However, there was no significant difference between serum IL-33 in tuberculous and malignant groupse pleural effusion than that of malignant pleural effusion (16 pg/mL, P = 0.03) [20] . The cutoff point of the studied pleural IL-33 levels for the diagnosis of tuberculous pleural effusion was; 19.16 ng/l with 91.7% sensitivity and 96.4% specificity. The serum IL-33 level of the tuberculous group was between 9.83-15.16 ng/l; therefore patients with serum and pleural level of IL-33 at these ranges had a high probability of being diagnosed with tuberculous pleural effusion with a sensitivity of 100% and specificity of 96.4%, Table 6 . While the cutoff point of the pleural/ serum IL-33 ratio for the diagnosis of tuberculous 'pleural effusion was > 1.4; therefore patients with pleural/serum IL-33 ratio > 1.4 had a high probability of being diagnosed with tuberculous pleural effusion with 91.7% sensitivity and 100% specificity. The cutoff point of the pleural/serum IL-33 ratio for the diagnosis of malignant pleural effusion was < 0.9; therefore patients with pleural/serum IL-33 ratio < 0.9 had a high probability of being diagnosed with malignant pleural effusion with 83.3% sensitivity and 96.4% specificity, Table 7 .
Xuan et al. found that the cut-off value of pleural IL-33 for the diagnosis of tuberculous pleural effusion was; 19.86 ng/l with 86.96% sensitivity and 90.48% specificity [17] . Li et al. found that the area under curve (AUC) of IL-33 to differentiate tuberculous pleural effusion from all non-tuberculous pleural effusions 0.823 (95% CI, 0.737-0.909) with a cut-off value of 68.3 pg/ml, the sensitivity and specificity were 83.9 and 70.9%, respectively [21] .
Ni Zeng and colleges carried out a systematic review over 38 studies to study the interleukins value for diagnosis of tuberculous pleural effusion, and found that the sensitivity, specificity for the selected ILs were: IL-2, 0.67and, 0.76; IL-6, 0.86 and, 0.84; IL-12, 0.78 and, 0.83; [22] . Wang and colleges had two prospective studies and one meta-analysis study to assess the diagnostic accuracy of IL-27 in tuberculous pleural effusion; in Beijing study, they reported 96.1% sensitivity and 99.0% specificity with an area under the curve of 0.983 when the cut-off value was 591.4 ng/L. Also, the superior diagnostic accuracy of interleukin 27 reported by Wuhan cohort study and confirmed in their metaanalysis study [23] . These results were comparable to the pleural IL-33 level in the tuberculous pleural effusion of this study (91.7% sensitivity and 96.4% specificity). This study has some limitations as; a small number of patients used to confirm the diagnostic role of IL-33, so broader scale study on a large number of patients is needed to verify the diagnostic role of IL-33. This study was carried out in a high prevalence TB area (Egypt); other studies are required to assess low TB prevalence populations, and how would their results differ from high TB prevalence populations? IL-33, like many different biomarkers, cannot be relied on for definitive diagnosis and pleural intervention is still needed to confirm the diagnosis. However, IL-33 can be used as a diagnostic aid in cases of pleural effusions to guide further investigations as it is a stable and affordable biomarker that can be measured in serum and pleural effusion, our data supports its use as a novel biomarker in a high prevalence population, and further study in low prevalence populations is warranted.
Conclusion
the present study showed that the mean pleural IL-33 levels were significantly higher than that of serum in all Table 7 Cutoff value, sensitivity, specificity, positive predictive value, and negative predictive value of pleural/serum IL-33 ratio in the prediction of tuberculous effusion The cutoff value of pleural/serum IL-33 ratio for the diagnosis of tuberculous pleural effusion was > 1.4. Therefore patients with pleural/serum IL-33 ratio > 1.4 had a high probability of having a tuberculous pleural effusion. The value for the area under the corresponding ROC curve (AUC) was 0.94. The 95% confidence interval was 0.85-1.0; the corresponding sensitivity and specificity were 91.7 and 100% (P < 0.001). The cutoff value of pleural/serum IL-33 ratio for the diagnosis of malignant pleural effusion is < 0.9, therefore patients with pleural/serum IL-33 ratio < 0.9 has a high probability of having a malignant pleural effusion. The value for the area under the corresponding ROC curve (AUC) is 0.90. The 95% confidence interval was 0.77-1.0, the corresponding sensitivity and specificity were 83.3and 96.4% (P < 0.001) Fig. 2 ROC curve for the performance of serum and pleural IL-33 in the prediction of malignant effusion
